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Outline

Heavy ion collisions and a global analysis

Estimate many (physical) parameters using a lot of experimental data

Recent lessons on the shape of nucleons inside a nucleus

In particular: the PbPbtotal cross section and the nucleon width

Nuclear structure and the shape of nuclei

Heavy ion collisions as a collapsing wave function in nuclear structure

New results from LHC soon? (oxygen)

A systematic analysis of Oxygen and Neon

Wilke van der Schee, CERN/Utrecht



Shear viscosity (4)

Bulk viscosity (3)

Second order transports: 2

Standard model of heavy ion collisions

Subnucleonicstructure? (8)

Non-thermal flow? (2)
with hydrodynamisedinitial stage

Fluctuations? (1)

Initial stage (11) Viscous hydrodynamics (9)

Cascade of hadrons (1)

Jonah Bernhard, Scott Moreland and Steffen Bass, Bayesian estimation of the specific shear and bulk viscosity of quarkðgluon plasma (2019)

GovertNijs, WS, UmutGursoyand RaimondSnellings, A Bayesian analysis of Heavy Ion Collisions with Trajectum(2020)
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Wilke van der Schee, CERN/Utrecht

(# parameters)

Roman excavationsin Utrecht in 1929

Trajectum

Å New public heavy ion code
Å Originally Utrecht (now MIT/CERN)
Å Fast
Å Precise (all cuts equal to experiment)
Å Scalable



Trajectum

1. Quite straightforward to use 
(see param file, right)

2. Includes analyseroutine
Parallelised: can analyseunlimited 
number of events

4/32http://sites.google.com/view/govertnijs/trajectum

http://wilkevanderschee.nl/trajectum

https://sites.google.com/view/govertnijs/trajectum
http://wilkevanderschee.nl/trajectum


Thickness function nucleon
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Ten different probable parameter settings Ą



Thickness function Pb
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Ten different probable parameter settings Ą



Energy density function Pb
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Ten different probable parameter settings Ą



Performing a global analysis

Model depends on parameters non-linearly
wǳƴ ƳƻŘŜƭ ƻƴ мнлл ȫŘŜǎƛƎƴΩ Ǉƻƛƴǘǎ 

Use an emulator for any point in parameter space (GP)

Markov Chain Monte Carlo
653 data points

Obtain posterior probability density of parameters

Compare posterior with data
Can include high statistics run

Bayes theorem:
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Wilke van der Schee, CERN/Utrecht

LIGO, Properties of the Binary Black Hole Merger GW150914 (2016)

Same technique: gravitational waves



Experimental observables: 
a wealth of data
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Prior



Experimental observables: 
a wealth of data
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Posterior



Energy + viscosities + experiment

C
e

n
tra

lity
 Ą

11/32

Ten different probable parameter settings Ą



The nucleon width andthe total PbPbhadroniccross section
Whatis easierto measurethewidth thanbysimplymeasuringthesize?
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Wilke van der Schee, CERN/Utrecht

Fix nucleon-nucleon cross section:

e.g. collision probability tuned to sNNfor Gaussian profile r

Theoretically, cross section only depends on
Nucleon-nucleon cross section

Nucleon Gaussian width (dominant)

Centrality normalisation

Minimum inter-nucleon spacing

Makes the cross section a robust observable
Basically implying every model needs to get this right

Basically implying the nucleon width should be small

See also David dõEnterriaand Constantin Loizides, Progress in the Glauber Model at Collider Energies (2020)
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Whywas the width overestimated?

Without cross section width is large, about 1.0 fm

With the cross section width is smaller, about 0.7 fm
Still tension with cross section: other data pushes width higher

bŜŜŘ ǘƻ ŎŀǇǘǳǊŜ ȫǘǊǳǎǘΩ ƛƴ ƻōǎŜǊǾŀōƭŜǎΥ weighting
Weight unity: cross section + integrated & unidentified

Weight ½: integrated identified observables

Weight ¼: pT-differential identified observables

Reduced weight: pT > 1.5 GeV (p+K) and centrality > 50%

With weighting cross section comes out correctly
.ǊƻŀŘŜǊ ǳƴŎŜǊǘŀƛƴǘƛŜǎΥ ǊŜŦƭŜŎǘ ƭŜǎǎ ȫǘǊǳǎǘΩ ŘǳŜ ǘƻ ǿŜƛƎƘǘƛƴƎ

Also: description of data not much worse with smaller width
Important that Bayes factor is an addition of many (correlated!) data points



Experimental observables: 
a wealth of data
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With sPbPb



Experimental observables: 
a wealth of data

15/32

No sPbPb


